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(Follow îng Text) 

TABLE 1 LIST OF ANALYTICAL METHODS 

TABLE 2 SAMPLING AND ANALYSES DURING PRETREATMEr<Jl̂  

TABL-E 3 SAMPLING AND ANALYSES DURING INTTIAL 
BIOLOGICAL TESTS 

FABLE: 4 SAMPLING AND ANALYSES DURING LONG-TERM 
BIOLOGICAL TESTS 

m 

t i 

i;370 151 CONESTOG/v-F?OVERS & ASSOCIATES 



1.0 ISTRODUCnON 

Tlrij; Treatability Study Work Plan, prepared by Conestoga-Rovers & Associates, is 
'•' based on tlie May 23, 2000 "Pilot Project Work Plan, Waukegan Manufactured Gas ai\d 

Cc>ke Plant, Waukegan Illinois", Newfields, Inc. 

Ml 

The purpose of the treatability study is to evaluate potential treatment technology for 
grourdwater collected at the Site. The treatment technology w îll address all relevant 

«' constituents regulated under State Drinking Water Act, 35, Illinois y^dministrative Code 
Part 620 and the Resource Conservation and Recovery Act. 

m i 

The groundwater treatability studies will consist of two basic parts; pretreatment for 
arsetiic removal and biological treatment for removal of organic constituents, ammonia 
and tliiocyanate. It is expected that during pretreatment partial remc>val of thiocyanate 
and phenols will also be achieved. 

A ;TiirLimum 75 gallons of equalized groundwater sample from the Site will be shipped 
to ±ie CRA Treatability Laboratory in Waterloo, Ontario. The sample will be the subject 

m oi Tiitial screening tests to determine the optimum pretreatment conditions. The whole 
sample will then be treated to remove arsenic using Fenton's reagent (hydrogen 
ptnoxide and ferrous sulfate mixture). 

m 

Tlie pjetreated sample will be the subject of biological treatment usuig a biomass from a 
m fuL-scale activated sludge treatment plant that treats coke plant wastewater (expected to 

be' frcim US Steel-Gary Works) and achieves both biological orgaiiic removal and 
nitnfication. The bench scale biological treatment studies will be conducted using two 
sepaicte treatment trains with sequencing batch reactors (SBR). One system will apply 
OIK? reactor and the same biomass to remove organic contaminants and ammonia. TTie 
othe.: :;}'sten"i wiU consist of two reactors in series; the first reactor d(;dicated to organics 
renuival and the second to nitrification. 
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1.0 SAMPLE COLLECTION STORAGE AND HANDLING 

0:rie ctf the most important issues in any treatability study is tlie collection and 

presen,'atiori of a representative sample of the water to be treated. 

To ensure the representativeness of the sample collected at the Site the following 

procedure will be followed: 

i) 75 gallons of water will be collected from the first bulk stoi-age tank when the 

tank is initially filled during the pilot extraction and re-injectior test; 

ii) the groundwater sample will be collected from the middle of the tank avoiding 

any aeration; and 

iii} after collection the groundwater will be shipped immediately in headspace free 

containers to the laboratory. 

To eii<;ure the same quality of the groundwater during the studies the foUow^ing 

procedures wiU be applied: 

i) containers will be kept at ~ 5°C and well mixed before the treaitment; 

n) samples for any studies will be collected in equal amovmt5 from each of the 

shipping containers; and 

iii) before treatment each sample will be analyzed for basic g;eneral chemistry 

parameters [pH, total suspended solids (TSS), turbidity, conductivity, chemiceil 

oxNgen demand (COD), soluble COD (SCOD), ammorua]. 
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LO ABSENIC PRETREATMENT WITH FENTON'S REAGENT 

Tlie iT.ain purpose of pretreatment of the groundwater is to remove arsenic to mitigate 

the Lnhibitory effect of arsenic on biological treatment, particularly on nitrificatioi:\. 

Application of Fenton's reagent, a strong oxidant, should also stimulate partial removal 

of thiocyanate and phenols that are also inhibitory to biological treatment at higher 

ccncentratioris. 

Pretreatment studies will include initial optimization tests and full bench-scale tests. 

3.1 INITIAL OPTIMIZATION TESTS 

Since efficiency of arsenic and organics treatment using Fenton's reagent strongly 

depends on the chemistry of the water to be treated it will be necessary^ to determine ttie 

optimum conditions (pH, hydrogen peroxide/ferrous sulfate ratio, reaction time) for thie 

treatment. 

TTif- fo[lov.ang procedures will be applied: 

Test il): 

500 mL grovindwater samples will be treated with the same amount of ferrous sulfate 

and various amounts of hydrogen peroxide. The range of hydrogen peroxide and 

ferrous concentrations to be used v^dll be calculated based on the COL) of the water and 

concentrations of phenols, thiocyanate and arsenic. 

500 niL groundwater samples will be treated with the same amount of hydrogen 

peroxide and various amounts of ferrous sulfate. 

After IreatTTient each sample will be analyzed for TSS, arsenic, total organic carboin 

(TCiC:), phenols and thiocyanate. Each test will be conducted in triplicate and the results 

will be evaluated xising statistical methods. 

500 niL grotindwater samples will be treated with various doses of Fenton's reagent 

opt.n'dzed in Tests 1 and 2 at various pH (range 3.5 - 7.0) and various reaction times 
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(2C minutes - 60 minutes). Treated samples will be analyzed for TSS, arseruc, TO<I!, 

phsiicls and thiocyanate. Each test will be conducted in triplicate and the results will be 

evaluated using statistical methods. A list of analytical methods used in the studies is 

pre'sented in Table 1. 

3.2 BENCH-SCALE PRETREATMENT 

Aoprcximately half of the groundwater volume collected at the Site' will be pre-treated 

in several batches with Fenton's reagent in conditions optimized in Tests 1, 2 and 3. Tlie 

balai-tce of the raw groundwater will be subsequently pre-treated by the optimized 

process when it is required to supply on-line irvfluent to the final long-term biological 

shidy described in Section 4.0. A small sample, approximately 1 gallon, of raw wat(;r 

w: 11 be: stored as a reference. A composite of raw samples will be analyzed for pH, TSis, 

volatile suspended solids (VSS), COD, TOC, dissolved organic carbon (DOC), phenols, 

arsenic, ammonia, nitrates, cyanide, thiocyanate as well as for acici and base/neutral 

orgaj'iic cortstituents using analytical methods presented in Table 1. 

Dirririg bench scale pretreatment, the settling time of precipitated solids and the 

necessity' of using organic flocculent will be also evaluated. Supernatant from the 

tre'ctiTient wiU be collected for biological studies and analyzed for pH, TSS, VSS, COD, 

TOC, DOC, phenols, arsenic, ammonia, nitrates, cyanide, and tliiocyanate. These 

saiTipltJS v\-ill also be analyzed for acid and base/neutral organic constituents. A list of 

anal}'tical methods used in the studies is presented in Table 1. A list of sampling and 

analyses that will be conducted during pretieatment is presented in Table 2. 

Separated solids wiU be dewatered using membrane filters. FiltcT cake wiU be the 

subject of TCLP leachability tests for arsenic, phenols, benzene and thiocyanate. The 

solids generation rate will be estimated from the TSS results. 

11670(5) 4 C0NEST0GA-F10VERS& ASSOCIATES 



•m 

* i i 

4.0 BIOLOGICAL TREATMENT 

Bicilogical studies will consist of the following activities: 

i) acclimatization (3 to 5 days); 

ii) initial tests for one solid retention time (SRT approximately 15 l:o 20 days); and 

iii I final long-term test (approximately 4 to 5 weeks). 

4.L ACCLIMATIZATION 

TTu; purpose of acclimatization is to prepare the biomass to treat the target water. Since 

each v/ater stieam to be treated has a specific water quality, microorgarusms have to 

mod if]/ their metabolic processes to use particular components of tbie groundwater as a 

source of food and energy. 

TTie biomass used in the studies will be collected from returned activated sludge at a 

wa:5te\s'ater tieatment plant in the US Steel-Gary Works, Gary Indiana. This plant is 

reported to treat coke plant wastewater and achieves biological removal of organics and 

ammonia. The biomass vnW be shipped to the CRA Treatability Laboratory immediately 

after collection in three 5-gallon plastic containers. The containers will have enough 

headspace to maintain aerobic conditions during shipment. The; dissolved oxygen 

concentration will be measured several times prior to shipping the; containers. If the 

concentration of oxygen in the biomass will not be sufficient (<2 rng O2/L) and c»r 

rapid!}' decreases then hydrogen peroxide will be added prior to shipping. 

The following acclimatization procedure will be followed in the laboratory. 

Initially^ approximately 1 L of the biomass will be placed in eacli biological reactor 

(S13;]̂ -l, SBR-2 and SBR-3) and aerated for 5 hours. Samples of tlie biomass will be 

ex,i;Ti:j-ied under the microscope every hour to ensure its good qualit}'. 

All reactors 'Adll then be fed with a small volume (approximately 100 mL) of pretreated 

W£i5 tev/ater. In addition reactor SBR-3 will be fed with 20 mg /L atrunonium chloride to 

;;ti::nulate growth of nitrifying bacteria. After wastewater addition samples from all 

recic:tors will be collected and analyzed for pH, TSS, VSS, phenols, COD, SCOE', 

arranoiua and nitrates. After 1 day of aeration samples will be collected and analyzed 

I'oi the same parameters. If results of the analyses indicate substantial removal of COD 

and ammonia more wastewater will be gradually added to reactors SBR-1 and SBR-2., 
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•w Idle reactor SBR-3 wiU be fed with the mixture of supernatant from reactor SBR-2 and 

ammonium chloride. Samples of supernatant from all reactors wiU be collected daily 

and analyzed for TSS, VSS, COD, SCOD, ammonia and nitrate. Daily samples of tlie 

bi omc.ss will also be collected and examined under the microscope to assess the vitality 

and di\'ersily of the microorganisms. 

Acclimatization of the biomass will be completed when substantial removal (>60%) of 

SCOC' and ammonia will occur despite increasing the amount of pretreateid 

gioundwater added to the bioreactor. At the same time microscopic e;xamination of the 

bioniass should indicate diversity and vitality of microorganisms. 

4.2 INITIAL BIOLOGICAL TESTS 

Til2 purpose of irutial biological testing is to determine any variation in each systerr/s 

peiformance based on the same 6-hour cycles comprised of the following periods: 

aerated :fill - 2 hours; 

ae rated react - 2.5 hours; 

settle - 1 hour; and 

draw - 0.5 hour. 

Tests will be conducted in 1-gallon tanks equipped with a me(iianical mixer and 

aerators. Influent to the reactors and effluent from the reactors will be pumped usirig 

peiiistciltic pumps. To ensure the same duration of treatment cycles in all reactors, 

peiiistaltic pumps wiU be connected to an electrical timer. Activated sludge will be 

wasted regularly at a rate that allows maintaining a design concentration of the biomass 

in eadi reactor. 

Tlu? following operating parameters will be applied: 

Hvdtaulic Retention Time (hours) 

Sc'lids Retention Time (days) 

Dissolved Oxygen (mg 02 /L) 

Mixed Liquor Suspended Solids (mg/L) 

SBR-1 

24 

6-10 

> 2 

2000-3000 

SBR-2 

24 

15-20 

> 2 

3000-5Ci00 

SBR-3 

24 

15-20 

> 2 

3000-5000 
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Reactors SBR-1 and SBR-2 wiU be fed with pretreated grotmdwater iA'̂ hile reactor SBR-3 

v\ ill be fed w t h the effluent from reactor SBR-2. 

Sajnples from the same cycle of each reactor wiU be coUected daily and analyzed for p]T, 

TS5, COD, phenols, cyanide, thiocyanide and ammonia. At the same time the effluent 

from SBR-l and SBR-3 will be coUected separately during the fineil 5 days of the test. 

Both collected effluents will be analyzed for TSS, VSS, COD, TOC, DOC, phenols, 

arsenic, arrononia, rdtrate, cyanide, and thiocyanate. These samples will also be 

an<ily::ed for organic constituents using GC/MS technique (acid and base/neutral 

metlicdology). A list of analytical methods used in the studies is presented in Table 1. 

A ]ist of sampling and analyses that will be conducted during initial biological tests is 

pie'serited in Table 3. 

Based on the results of the analyses, the variations of parameters duiing a single cycle as 

well a5 the average performance of each treatment train will be determined. These data 

will also be used for comparison with the results of the final long-term biological 

tieatrr.ent. 

4.3 LONG -TERM BIOLOGICAL TREATMENT 

Di.iring the long-term biological treatment the lengths of the various stages of tlie 

tr(?atment c Ĵ'cle wUl be optimized. The impact of aerobic and anoxic stages on system 

m performance vdll also be investigated. Each treatment system will operate vydth one 

variable changed for 5-6 days and samples wiU be collected daUy after each treatment 

stage:. 

In order to simulate fuU-scale conditions both treatment trains wUl be fed with freshly 

^ pretreated groundwater. 

Tlie; follov.'irig treatment strategy will be appUed: 

SEILl 

TTds :re'actor is designed to remove all organic substances and ammonia using the same 

biomaiss. 

InitiaUy tlie reactor wUl be fUled without aeration but with mixing for 1 hour. The 

lengths of aerobic react time (2.5 hours) and settie time (1 hour) wiU be the same as was 

appilied during initial biological tests. Then the impact of various sequences of aerobic 
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and anoxic periods on effluent quality will be investigated. After the impact of variables 

has b(;en evaluated the system will run under optimized conditions for a week. 

SBR-2 and SBR-3 

Reactor SBR-2 is designed to remove most of the organic load using specialized biomass 

Vvluie reactor SBR-3 is designed to remove ammonia and denitrify using a different 

b.omeiss. At the same time the quality of the effluent from SBR-2 will affect tlie 

perfonnance of SBR-3. 

Irdtially the duration and length of tieatment stages wUl be modified in SBR-2 while tlie 

se't-up for SBR-3 will be kept as in Section 4.2. Then using optimizec! set up in SBR-2, tlie 

inpact of variables on SBR- 3 treatment will be investigated. Finally both reactors will 

run in optimized cycles for approximately 1 week. 

Samples of the effluent from SBR-1, SBR-2 and SBR-3 wiU be collected daily and 

analyzed for TSS, VSS, COD, TOC, DOC, phenols, arsenic, ammorua, nitrate, cyanide, 

and thiocyanate. Composite samples after a few days run with the same set-up will also 

he analyzed for organic constituents using GC/MS techniques (add and base/neutral 

metliodology) and analytical methods presented in Table 1. A Ust of sampling and 

analyses that wiU be conducted during this phase of the studies is presented in Table 4. 
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5.0 T REATMENT ASSESSMENT AND DATA ANALYSIS 

Based on treatabiUty studies data the following goals will be accompiUshed: 

i) Det<5rmination of treatment efficiency of each element of investigated systems 

based on removal of arseruc, organic constituents, thiocj'ajaate, cyarude and 

ammonia; mass balance of each coristituent during pretreatment and biological 

treatment wiU provide sufficient data to calculate the removal efficiency and 

estimate the cost for their removal in the full-scale design; 

ii) Identification of variables affecting the efficiency of treatment :for each parameter 

of concern; statistical analyses of tieatability data will allo"w deterrtunation of a 

parameter affect on the removal of a particular constitu(;nt and operational 

changes required to respond to potential changes in the quality of tlie 

grotmdwater during fuU-scale treatment; and 

ii:) Treatment process design; treatability data wiU allow the calculation of reaction 

rate coefficients for each parameter of interest. These coefficients can then be 

used to design the fuU-scale tieatment process and estimate tlie sizes of specific 

tieatment vinits and sludge generation rates; and 

iv) Reinjection effect; results will be evaluated to asses potential effects on flie 

reinjection equipment and in the aquifer. 
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6.0 T REATABILITY STUDY SCHEDULE 

/L1 te;r arrival of the groundwater and activated sludge samples at the CRA Treatability 

"'" L aboratory the following activities wiU be implemented: 

• • » • 

i) Optimization of Fenton's reagent treatment as described in Section 3.1 

ii) Acclimatization of the activated sludge in shipping containers to the water 

pretreated during optimization of Fenton's reagent tieatment:; iind 

» iii) Set-up of biological tieatment systems. 

i) BencJi-scale pre-tieatment of the groundwater using procedure described in 

* Section 3.2; and 

ii I Acclimatization of the activated sludge in reactors SBR-1, 3BR-2 and SBR-3, 

m according to the procedure described in Section 4.1. 

V '̂tieks 3 - 4 

i) Start-up of two initial biological treatment trains using ac(ilimatized activate;d 

* sludge and the water pre-tieated with Fenton's reagent; 

ii) Daily monitoring of the tieatment system according to the procedure described 

jf in Section 4.2; and 

iii) TCLP test with solids generated during bench-scale pre-treatment of tlie 

groundwater with Fenton's reagent. 
•r 

Weete5-9 
It 

i) Long term biological treatment according to the procedure described in 

Section 4.3. 

Weeks. 10-11 

Da :a compilation and evaluation of tieatment as described in Section 5. 
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7.0 R ] ; F C ) R T I N G 

/i. report generated from the tieatability study will consist of the following elements: 

• Detailed testing procedures including sampling and analyses; 

• Description of equipment used during the study; 

• Summary of data from pre-tieatment including tables and graplis demonstrating the 

effect of Fenton's reagent composition and concentration on th(? iremoval of arsenic, 

COD, tliiocyanate and phenols; 

• Analyses of data from biological treatment of the water that: wiU identify the 

operational parameters affecting removal of organic substanc:e:5, thiocyanate and 

ammonia; 

• Summary of data from the whole treatment system that will allow optiirdzation of 

the full-scale tieatment plant; and 

• Evaluation of the potential impact of re-injection of the effluent iTom the treatment 

plant into the aquifer on the groundwater quality. 
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TABLE 1 

LIST OF ANALYTICAL METHODS 

WAUKEGAN MANUFACTURED GAS AND COKE PLANT SITE 

WAUKEGAN, ILLINOIS 

Mt 

m 

nl 

Parameter 

Total Phenolics 

.^.rsenic 

.Anunonia 

voc:s 

i^VOCs 

Nitrate 

COD 

TOC 

Cyaride 

lliiocj^anite 

TSS 

'̂:5S 

pH 

Turbidity 

Cj)nductivity 

Matrix 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

Method 

EPA. 4:20.2 

SW-846 6010B 

EPA 350.1 

SW-84:6 8260B 

SW-846 8270C 

EPA 353.4 

EPA 410.4 

SM 5310B 

EPA 335.4 

SM4500-CNM 

EPA 160.2 

EPA 160.3 

EPA 150.1 

SM 2130B 

SM 25 lOB 
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TABIE 2 

SAMPLING AND ANALYSES DURING PRETREATMENT 

WAUKEGAN MANUFACTURED GAS AND COKE PLANT SITE 

WAUKEGAN, ILLINOIS 

Sample Sampling Analyses 
pH TSS VSS COD TOC DOC Phenols Arsenic Cyanide Thiocyanite Ammonia GC/MS GC/MS 

Acid Base/neutral 

Raw Water Each Batch X X X X X 

Composite X X X X X X 

Petreated Each Batch X X X X X 
Water 

Composite X X X X X X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X X X 
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SAMPLING AND ANALYSES DURING INITIAL BIOLOGICAL TESTS 

WAUKEGAN MANUFACTURED GAS AND COKE PLANT SITE 

WAUKEGAN. ITI iNri is 

Sample Sampling Analyses 
pH TSS VSS COD TOC DOC Phenols Arsenic Cyanide Thiocyanite Ammonia Nitrate GC/MS GC/MS 

Acid Base/neutral 

Influent Daily X X X X 

SBR 1-3 Before Fill X X X X X X X 
Fill X X X X X X X 
Draw X X X X X X X 

Effluent Daily X X X X X X X X X X 

X 
X 
X 

X 
X 
X 

X 
X 
X 

X 
X 
X 

X 
X 
X X 
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SAMPLING AND ANALYSES DURLNC LONG TERM BIOLOGICAL TESTS 

WAUKEGAN MANUFACTURtU GAS AND COKE PLANT SITE 

WAUKEGAN, ILLINOIS 

Safnple Sampling 
pH TSS VSS COD TOC DOC Phenols Arsenic Cyanide Thiocyanite Ammonia Nitrate GC/MS GC/MS 

Acid Base/neutral 

Influent Daily X X X X X X X X X X X 

SBR1&2 Before FiU X X X X X X X X X 
Draw X X X X X X X X X 

X 
X 

X 
X 

X 
X 

SBR 3 Draw X X X 
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